' I J HE relation between nitrogen constituents and the cold •*• hardening mechanism has received extensive attention since 1949, when Briggs and Siminovitch (1) showed a correlation between water-soluble protein and cold hardiness in the cambial cells of black locust. Association between water-soluble protein and cold hardiness have been reported in several other plants, including winter wheat (9), alfalfa (2), and sweetclover (2). In addition to water-soluble protein, significant increases have been reported in total amino and amide nitrogen (7) and in concentrations of several free amino acids during cold hardening.
It is well established that nitrate is the principal form of nitrogen absorbed by higher plants. Nitrate must be reduced to nitrite, however, as one step in a series of reactions leading to the formation of such nitrogenous substances as amino acids and amides. Partial purification and characterization of a nitrate reductase enzyme by Evans and Nason (4) from soybean leaves substantiated earlier theories that nitrate was reduced by an enzymatic process. Hageman and Flesher (5) reported that both light and nitrate are necessary for maximum activity of nitrate reductase in corn leaves. They found that enzyme activity was positively correlated with water-soluble protein content, and negatively correlated with nitrate accumulation.
No published information was found relating to nitrate reductase activity at lower temperatures during cold hardening, subsequent availability of nitrogen forms suitable for synthesis of amino acids and proteins, or comparisons of rates of enzyme activity in different wheat genotypes. Accordingly, in 1961, experiments were initiated to determine the relative changes in nitrate reductase activity and in contents of nitrate, nitrite, and total nitrogen during cold hardening and dehardening of crowns of winter wheat varieties known to vary in cold hardiness.
MATERIALS AND METHODS
'Minturki', 'Pawnee', and 'Ponca' winter wheats were planted at the University Agronomy Farm September 28, 1961. Based on field observations during "test winters" and on data from artificial freezing experiments, Minturki has been classed as a cold hardy Figures 1-4 .
Plants were brought from the field tc the laboratory where they were washed free of soil with tap water. The crowns (that portion of tissue above the roots and below the soil surface) were removed, washed with tap water, and rinsed with distilled water. Excess surface water was removed by blotting between paper towels.
Crowns were tested for hardiness using the specific conductivity method outlined by Dexter, Tottingham, and Graber (3). Five grams of fresh crowns were placed in an uncovered Petri dish and placed at -10° C. for 4 hours in a controlled temperature chamber. Crowns were removed, placed in 50 ml. of distilled water, and allowed to stand overnight in a chamber maintained at 5° C. Using a Wheatstone bridge, resistance readings were made at 20° on the solution containing the exosmosed solutes from the cells damaged by freezing. Results were expressed as reciprocal ohms X 10"*.
Nitrate reductase was extracted by a modification of the method outlined by Hageman and Flesher (5). Five grams of fresh crown material were blended in 20 ml. of blending medium, composed of O.lyVI tris hydroxymethyl aminomethane, O.OlAf cysteine and 0.0003Af ethylene diamine tetraacetic acid in equal proportions and adjusted to pH 7.2 with dilute HC1 Blending was accomplished with a Severall Ominimixer, 16,000 rpm for 2 minutes, with the cup immersed in an ice bath. The extract was filtered through a fine mesh sieve and centrifuged 15 minutes at 2° C. at 20,000 g. The supernatant was used for analysis. Extracts were kept at 2-3° C. throughout the entire analysis.
Nitrate reductase activity was measured by further modification of the Evans and Nason method as reported by Hageman and Flesher (5). Assay mixtures were composed of 1 ml. of O.lAI potassium phosphate buffer solution pH 7.2 and 0.2 ml. of O.lAf KNOs. To each assay mixture was ac.ded 0.5 ml. of 1.36 X IO" 3 M. reduced nicotin amide adenine dinucleotide (NAD.2H) and 0.3 ml. of enzyme extract. The resulting mixture was incubated at 27° C. for 45 minutes. The reaction -vas stopped by adding 1 ml. of 1% Vv sulfanilic acid in 1.5 N HCL One ml. of 0.02% (N(l-naphthyl) ethylene diamine dihydrochloride was added and the contents mixed by inverting the tubes. Color was allowed to develop for 10 minutes and percentage transmittance was read on a Bausch and Lomb Spectronic 20 colorimeter at a wavelength of 540 m/u. Concentrations of nitrite formed during the reaction were calculated by reference to standard curves made with potassium nitrite. Nitrate reductase activity was not detected in enzyme extracts heated to boiling, indicating that nitrite production during the assay procedure with chilled extract was enzymatic. This is also indicated by Evans and Nason (4) who reported no reduction of nitrate to nitrite by DPNH.
For the extraction of nitrate, crowns were blended in 25 ml. of distilled water and the filtrate centrifuged 5 minutes at 6000 g.
